Toxoplasma gondii is an intracellular protozoan parasite of mammals. Generally, T. gondii antigens have been divided into two fractions, supernatant and insoluble pellets which contained surface membrane, organelles, and nucleus, by the centrifugation of disrupted tachyzoites. The supernatant antigens have been analyzed by several authors (5, 9, 10, 12) . They have been used as the antigens for the indirect hemagglutination test (11) , latex agglutination test (LAT) (29) , and enzyme-linked immunosorbent assay (ELISA) (19, 30) . The antigenicity of the surface membrane of tachyzoites has been demonstrated by many authors (2, 3, 7, 18, 28) . However, the antigenic structure of T. gondii insoluble materials except the surface membrane has not been clarified, and no useful assay system has been devised for the detection of antibodies against them.
Monoclonal antibodies, which were introduced by Kohler and Milstein (17) , have contributed greatly to the analysis of complicated antigens such as the membrane antigens of various cells. Monoclonal antibodies against T. gondii have also been produced in several laboratories (8, 14, 25) and were utilized as useful reagents for the detection of T. gondii antigens in serum (1) and for the characterization of T. gondii membrane antigens (7, 14, 15) .
In the present study, we established three hybrid cell lines which produce monoclonal antibodies to T. gondii insoluble antigens for the characterization of the T. gondii insoluble fraction whose antigenic structure has not yet been clarified. Antibodies against the above antigens were not detectable * Corresponding author. by conventional assay systems such as the dye test (DT), LAT, or ELISA. Antibodies against the antigens purified by TpM 3 and TpM 19 were demonstrated in rabbits and humans infected with T. gondii by the immunoblotting method developed in our laboratory (19a) .
MATERIALS AND METHODS Preparation of T. gondii insoluble antigens. Parasites were harvested from the peritoneal exudate of mice infected with the RH strain of T. gondii. After filtration through several sheets of gauze, they were washed three times with normal saline and centrifuged at 750 x g for 10 min. Tachyzoites in the pellets were disrupted by treatment with distilled water and sonication (20 (6) with minor modifications. NaHCO3 (1 ml; 0.1 M) containing 1 mg of antibody was mixed with 0.06 ml of dimethyl sulfoxide containing 0.06 mg of biotinyl-N-hydroxysuccinimide (Vector Laboratories, Inc.). The reaction mixture was incubated at room temperature for 4 h and then dialyzed for 24 h at 4°C against 500-fold volumes of phosphate-buffered saline (pH 7.4) (PBS), which was changed four times.
Rabbit anti-T. gondii sera. Rabbits were infected with T. gondii by intraperitoneal injection of 10 to 20 cysts of Beverley strain which was known as being low in virulence. Rabbit anti-T. gondii sera were obtained by bleeding at either 28 days or 18 months of infection.
DT. DT was performed by the method of Sabin and Feldman (22) with some modifications (16 S-ELISA. Antigen coating for ELISA, using T. gondii supernatant antigens (S-ELISA), was performed as described by Naot and Remington (19) . The antigen preparation was used at a concentration of 100 pug/ml in 0.1 M carbonate buffer (pH 9.6). The procedures were essentially the same as those for I-ELISA except for antigen coating.
Localization of antigens. Parasites harvested from the peritoneal exudate of mice infected with T. gondii were washed four times with normal saline and adjusted to a concentration of 2 x 107/ml. About 10 pul of the suspension was smeared on a glass slide and promptly dried. The localization of TpM 3, TpM 6, and TpM 19 antigens was detected by the avidin-biotin system. The acetone-fixed smears were covered with biotinylated monoclonal antibodies adjusted to 10 p.g/ml with 1% BSA in PBS (pH 7.2) for 1 h at 37°C and washed four times with PBS. Next, they were treated with horseradish peroxidase-avidin D (Vector Laboratories) diluted to 1:500 with 1% BSA in PBS (pH 8.0) for 30 min at 37°C and washed four times with PBS. Peroxidase activity was detected by soaking for 5 min in the enzyme substrate (40 ml of 0.1 M Tris-hydrochloride buffer (pH 7.4), 10 mg of 3,3'-diaminobenzidine * 4HCl, 13 pul of 30% H202).
The enzyme reaction was stopped by washing with distilled water.
SDS-PAGE. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed on slab gels (80 by 70 by 1 mm) by the method of Jones (13) , using a 12.5% polyacrylamide gel with a 4.5% stacking gel. The extract of T. gondii insoluble pellet described for I-ELISA was used as the sample for SDS-PAGE. The sample was reduced by preincubation in an equal volume of SDS sample buffer (4.6% SDS, 10% 2-mercaptoethanol, 20% glycerol, 0.125 M Tris-hydrochloride [pH 6.8]) overnight at room temperature.
Electrophoretic transfer. T. gondii insoluble antigens were electrophoretically transferred from the SDS slab gel to a nitrocellulose sheet by the method of Towbin et al. (27) . The buffer was 25 mM Tris, 192 mM glycine, and 20% (vol/vol) methanol buffer at pH 8.3. A voltage gradient of 7 V/cm was applied for 2 h. After the transfer, the nitrocellulose sheet was cut into strips corresponding to each sample lane. The strip to which the marker proteins were transferred was stained with amido black lOB (0.1% amido black lOB in 7% acetic acid) and destained with 5% acetic acid. The unstained nitrocellulose strips were washed overnight with 0.5% NP-40 in PBS to remove the SDS and then washed three times with Tween-PBS for 30 min. They were soaked in 3% BSA in PBS for 1 h at 37°C to saturate additional protein binding sites.
Immunochemical detection of antigens on nitrocellulose sheet. The nitrocellulose strips were mounted with biotinylated monoclonal antibodies diluted to 1 pug/ml with 3% BSA in Tween-PBS and incubated for 30 min at room temperature in the moist chamber. The strips were washed four times with Tween-PBS for 30 min with agitation. They were then incubated for 1 h at 37°C with horseradish peroxidase-avidin D diluted to 1:1000 with 3% BSA in 0.1 M Tris-hydrochloride buffer (pH 9.0) and washed four times with Tween-PBS. The peroxidase activity also was detected by the method using 3,3'-diaminobenzidine * 4HCl.
Rabbit and human anti-T. gondii sera diluted to 1:100 with 3% BSA in Tween-PBS were used for detection of T. gondii insoluble antigens. The rabbit IgG binding to T. gondii insoluble antigens was detected by a combination of goat anti-rabbit IgG antibody (Eiken Chemical Co. Ltd., Japan) and peroxidase anti-peroxidase complex (PAP) (rabbit; Miles-Yeda Ltd., Israel). The human IgG binding to T. gondii-insoluble antigens was detected by a four-step PAP method, using a combination of rabbit anti-human IgG antibody (DAKO, Denmark), goat anti-rabbit IgG antibody, and PAP. b Antibody titers were expressed by a reciprocal of the last dilution for which more than 50% of the tachyzoites were unstained.
c Antibody titers were determined as a reciprocal of the last dilution showing at least twofold absorbance against that of a fivefold dilution of normal mouse serum as control material. ELISA. Among them, TpM 6 showed the highest antibody titer by I-ELISA. In contrast, they were either negative (TpM 3 and TpM 19) or weakly positive (TpM 6) by S-ELISA.
Localization of TpM 3, TpM 6, and TpM 19 antigens. The immunoperoxidase technique in which biotinylated monoclonal antibodies and horseradish peroxidase-avidin D are used was employed to observe the localization of TpM 3, TpM 6, and TpM 19 antigens. Various staining patterns were observed on tachyzoites treated with monoclonal antibodies. TpM 3 gave one spot in the anterior part of the tachyzoites (Fig. 1A) , whereas TpM 6 gave several spots there (Fig. 1B) . TpM 19 stained the anterior end of the tachyzoites (Fig. 1C) . The schemes of the staining patterns of monoclonal antibodies are shown in Fig. 2 .
Molecular weight of TpM 3, TpM 6, and TpM 19 antigens.
T. gondii insoluble antigens separated on discontinuous SDS-PAGE were electrophoretically transferred to a nitrocellulose sheet. Antigens on the nitrocellulose sheet were detected by an immunoenzymatic technique, using monoclonal antibodies. T. gondii insoluble antigens were stained with Coomassie blue on an SDS-polyacrylamide gel, and a few bands were weakly stained (Fig. 3) (Fig. 7a) , whereas human antisera reacted with only TpM 3 antigen (Fig. 7b) . No immune response to TpM 6 antigen was observed with either antisera. lar weight (Fig. 4) (Fig. 6 ). Neither TpM 3 nor TpM 19 reacted with affinity-purified TpM 6 antigen. Purified TpM 19 antigen appeared to cross-react slightly with TpM 6 antibody. These results indicated that T. gondii had at least three types of 43,000-molecular-weight antigens with different antigenicity in its insoluble fraction.
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Immune response to TpM 3, TpM 6, and TpM 19 antigens. To examine the immune response of T. gondii-infected rabbits and humans to TpM 3, TpM 6, and TpM 19 antigens, sera from T. gondii-infected rabbits and subclinically T. gondii-infected humans were tested by the PAP method,
DISCUSSION
We demonstrated in this study that monoclonal antibodies (TpM 3, TpM 6, and TpM 19) produced against T. gondiiinsoluble antigens recognized different 43,000-molecularweight antigens of T. gondii. These 43,000-molecular-weight antigens were purified, using monoclonal antibodies coupled to Sepharose 6B. Antibodies against purified TpM 3 or TpM 19 antigens or both were present in T. gondii-infected rabbit and human sera. The results indicated that various 43,000-molecular-weight antigens which were recognized by these monoclonal antibodies existed in the T. gondii insoluble fraction and have effective antigenicities in host animals.
Although DT and LAT have been widely employed for detection of antibodies against T. gondii, TpM 3, TpM 6, and TpM 19 could not be detected by these conventional tests. DT is a complement-dependent cytotoxic test (3, 4, 24) . It is believed that the antigens detected by DT are localized on the surface membrane of the tachyzoite (3). However, T. gondii supernatant antigens have been used as the antigens for the indirect hemagglutination test, LAT, and ELISA. Our data indicate that TpM 3, TpM 6, and TpM 19 antigens were absent from the surface membrane as well as from the supernatant fraction of the tachyzoites. In contrast, TpM 3, TpM 6, and TpM 19 could be detected by I-ELISA. In the immunohistochemical study, using the avidin-biotin system, TpM 3, TpM 6, and TpM 19 gave various spot patterns in the anterior parts of the tachyzoites. Generally, if a densely stained cellular rim is observed, the surface antigens are stained. Hence, the localization of these antigens showed that they existed on insoluble materials in the cytoplasm of the tachyzoite. Conoid, subpellicular microtubules, rhop94k-67k 43k tries, micronemes, and Golgi apparatus were generally found in the anterior parts of tachyzoites (20, 23, 26) . TpM 3, TpM 6, and TpM 19 antigens may have been associated with the above organelles. However, this speculation should be verified by immunoelectron microscopic research.
SDS-PAGE analysis showed that the molecular weights of the T. gondii insoluble antigens detected by TpM 3, TpM 6, and TpM 19 were ca. 43,000 with minor higher and lower molecular weight bands. The same results were obtained under unreduced conditions (data not shown). We observed only a single band in the cases of 14,000-and 31,000-molecular-weight antigens in the T. gondii insoluble fraction when many monoclonal antibodies raised in our laboratories were used for antigen analyses (unpublished data). Although we expected to find one band with monoclonal antibodies, TpM 3 and TpM 6 antigens gave several bands in the SDS-PAGE analysis. Two explanations to these results are probable. (i) TpM 3 and TpM 6 antigens each consisted of several antigens with different molecular weights which carried common antigenic determinants. (ii) Limited proteolysis by proteolytic enzymes of T. gondii occurred to these antigens. TpM 3, TpM 6, and TpM 19 antigens each gave different electrophoretic patterns, and no significant cross-reaction was observed among TpM 3, TpM 6, and The existence of a group of heterogeneous 43,000-molecular-G H I weight antigens might be one of the notable characteristics of T. gondii insoluble antigens. It was reported that the T. gondii insoluble fraction contained at least eight polypeptides with molecular weights so" of 28,000 to 80,000 (12). Handman et al. (7) reported that the 43,000-molecular-weight antigen was one of the major antigens on the surface membrane of tachyzoites with analysis by human and mouse polyclonal antibodies; although there is no direct evidence as to whether the 43,000-molecularweight antigen detected by Handman et al. (7) (Fig. 7) . However, we have failed in the production of n were electrophormonoclonal antibody against the 43,000-molecular-weight electrophoretically antigen on the surface membrane, in spite of success in the , B, and C indicate production of many monoclonal antibodies against other T. 
